Summary.
In combination with transmission electron microscopy (TEM), histochemistry for acetylcholinesterase (AChE) and immunohistochemistry for vasoactive intestinal peptide (VIP) and neuropeptide Y (NPY) were carried out on the intraepithelial nerve fibers of the guinea-pig nasal gland. AChE-positive nerve profiles and VIP-immunoreactive nerve profiles were detected in abundance within the epithelium of the glandular acini and within the epithelium of intralobular excretory ducts including the intercalated and striated ducts. Intraepithelial NPYimmunoreactive nerve profiles were also considerably large in number in the nasal gland, but less frequent than the other two types of nerve profiles; furthermore, the NPY-immunoreactive nerve profiles appeared absent within the epithelium of the striated duct.
All the intraepithelial nerve varicosities were in close spatial contact with the epithelial cells of the acinus and the duct and also with the myoepithelial cells, which were commonly seen in the acinus and the intercalated duct. Throughout the present study, however, no membranous specializations could be found between the nerve varicosities and the epithelial cells or the myoepithelial cells.
The present results suggest an intense and delicate regulation through the collaboration among ACh, VIP and NPY of the secretory activity of the guinea-pig nasal gland, including the emission of acinar secretions into the duct through contraction of the myoepithelium and modification of the secretion contents by the duct epithelium.
The nasal gland is a serous or sero-mucous exocrine (ISHII and ToRIYAMA, 1972; NOMURA and MATSUURA, 1972; GROTE et al., 1975; KLAASSEN et al., 1984 KLAASSEN et al., , 1988 KLAASSEN and KUIJPERS, 1986) .
On the other hand, immunohistochemistry has progressively revealed various kinds of peptides, enzymes and other chemical substances in the systemic nervous system. Vasoactive intestinal peptide (VIP), which is a potent vasodilator distributed extensively both in the central and peripheral nervous system, has been shown to be present in the nasal parasympathetic nerves of several mammals including man (UDDMAN et al., 1978; LUNDBERG et al., 1981; LUTS and SUNDLER, 1989) , originating in the sphenopalatine ganglion (UDDMAN et al., 1980; LARCOIX et al., 1990) . A potent vasoconstrictor, neuropeptide Y (NPY), which is well known to co-exist with noradrenaline in post ganglionic sympathetic nerves (see LUNDBERG and HOKFELT, 1986) , has recently been shown to be localized in the nasal parasympathetic nerves of the pig and the guinea-pig (LARCoIx et al., 1990) . After the perfusion fixation, the mucosa of the lower part of the nasal septum was removed, cut on an autochopper into sections of 100 um thickness and immersed for 8-12 h at 4C in the same fixative as used at the perfusion fixation.
AChE reaction After repeated rinsing with 0.1 M phosphate buffer (4C, pH 7.4) containing 7.5% sucrose, the tissue sections were processed for demonstration of AChE activity using a modification of Karnovsky-Roots' method (TACO et al., 1986) . For inhibiting nonspecific cholinesterase activity, 1 UM tetraisopropyl pyrophosphoramide (iso-OMPA, Sigma, USA) was used before and during incubation in the reaction medium.
Immunohistochemical procedures To permit a greater penetration of antibodies into the tissue, the sections were given a freeze-thaw treatment (SOMOGYI and TAKAGI, 1982) prior to immunostaining. After a brief incubation in 10% goat serum, the specimens were incubated in antisera against VIP (1: 5000, R7854, Milab Malmo, Sweden) or NPY (1 :2000, CA08295, Cambridge, England) for 3 days at 4C. Immunoreactivity for VIP and NPY was made visible by means of the avidin-biotin-horseradish peroxidase complex (ABC) method.
Following histochemical and immunohistochemical staining, all the specimens were post-fixed with 2% 0504 for 2 h at 4C, dehydrated with an ascending series of acetone, and embedded in Epon 812. Ultrathin sections were cut on an ultramicrotome (Reichert-Jung, Ultracut E) and doubly stained with U and Pb or singly with U.
To check the specificity of immunoreactivity against VIP and NPY, control studies including an absorption test using synthetic antigen were performed; no immunoreactions against these two peptides were detected.
RESULTS
The nasal gland of the guinea-pig, at least in the lower part of the septal mucosa, is a typical serous gland in type: the epithelial cells of the secretory acini are characterized by a large round nucleus, abundant rough endoplasmic reticula in regular arrangement, and an accumulation of electron-dense secretory granules (Fig. la) . The nasal gland is endowed with a relatively well-developed duct system, and two kinds of duct profiles are distinguishable among the acini. The proximal duct adjacent to the acinus is morphologically similar to the intercalated portion of the excretory duct of the salivary gland (Fig. 2a) . The distal duct following the proximal portion comprises epithelial cells which are characteristically provided with conspicuous infoldings of the lateral and basal cell membrane and numerous mitochondria in the cytoplasm. The distal duct thus resembles the striated portion of the salivary gland or the urinary tubule of the kidney (Fig. 3a) . In this paper, the terms "intercalated duct" and "striated duct" are used for the proximal duct and the distal duct, respectively. Myoepithelial cells are common in the acinus and the intercalated duct, while they are rare in the striated duct.
AChE reaction products are observed as fine grains of high electron density occurring in the periaxolemma of the nerve fibers. AChE-positive axons or varicosities are frequently detected between the epithelial cells of both the acini and the intercalated ducts (Figs. 1, 2) . The intraepithelial AChE-positive nerve profiles appear also in the striated duct (Fig. 3 ), but the frequency of incidence is a little lower.
Throughout the present observations, no intraepithelial nerve profile devoid of AChE reaction was found. The intraepithelial AChE-positive nerve varicosities are in close spatial contact with both the acinar and duct epithelial cells (Figs. 1b, 2b, 3c) , as well as with the myoepithelial cells of the acinus (Fig.  lc) and the intercalated duct (Fig. 2c) . These varicosities commonly contain a cluster of small clear vesicles co-existing with a few granular ones.
Immunoreactivity against VIP and NPY can be observed in the intraepithelial nerve profiles of the acini and the ducts. The immunoreactive nerve varicosities display a number of small clear vesicles and a few larger, granular ones as found in the AChEpositive nerve terminals. The immunoreaction products tend to diffuse within the cytoplasm of the nerve terminals with a higher condensation on the granular vesicles. Almost all the intraepithelial immunoreactive nerve varicosities seem to be in close spatial contact with both the epithelial cells and the myoepithelial cells (Figs. 4, 5) . As regards frequency and distribution, there are some differences between these two types of intraepithelial immunoreactive nerve fibers. The VIPimmunoreactive nerve profiles are detected in abundance in the acinus (Fig. 4a ) and the intercalated duct (Fig. 4b) , and even in the striated duct (Fig. 4c) , though less frequently. Intraepithelial nerve profiles showing negative immunoreactivity for VIP are rarely seen. On the other hand, the NPY-immunoreactive nerve profiles seem to be absent in the striated duct, and, in addition, nerve profiles devoid of immunoreactivity against NPY are often found in the vicinity of the NPY-immunoreactive nerve profiles in the acinus (Fig. 4b ) and in the intercalated duct. nerves contain both ACh and VIP, with some containing NPY as well.
With respect to the ultrastructural characteristics of the synaptic vesicles in the intraepithelial nerve varicosities, the present observations agreed with the previous description by YAMAMOTO (1966) . A number of nerve varicosities were located in the intercellular spaces of the acini and ducts, and showed close spatial contact with the epithelial cells. On this account, these intraepithelial nerves are believed to exert their neural effects on the epithelial cells more rapidly and intensely than the nerves separated from the acinar epithelial cells by the basement membrane.
The occurrence of AChE reactivity in the intraepithelial nerves of the glandular acini suggests that the acinar secretion is under an intense cholinergic control, though it must be taken into consideration that an ACNE-positive reaction does not always mean a cholinergic nature (KOELLE, 1955; CAUNA and NAIK, 1963; HOOVER et al., 1978; KIMURA et al., 1981; LEVEY et al., 1983) . In addition, the intraepithelial presence of the AChE-positive nerves in the intralobular ducts suggests that the cholinergic regulation may be significant for certain glandular functions other than the acinar secretion. Judging from the ultrastructure of the epithelial cells, the striated duct is strongly expected to be involved in the active transport of electrolytes and in reabsorption of water, and therefore it may be reasonable to suggest that the cholinergic control might be also essential for the modification of ion concentration or viscosity of the secretion in the nasal gland. On the other hand, the functional significance of the intraepithelial nerves in the intercalated duct is unclear, since the epithelial cells of this duct lack clear morphological features suggesting secretion, absorption or other cellular functions. Conversely, the dense intraepithelial supply of the ACNE-positive nerves to the intercalated duct implies that the epithelial cells in this duct possess some unknown but important cellular functions as suggested in the ejaculatory duct of the monkey (YOKOYAMA, 1989) . VIP-or NPY-immunoreactive nerves have been often demonstrated in the accessory glands of the mammalian respiratory tract, including the nasal cavity, and are considered to play an important role in neural regulation of the glandular secretion (UDD-MAN et al., 1978 , 1980 , 1984 DEY et al., 1981; HAKAN-SON et al., 1983; LAITINEN et al., 1985; BARNES, 1987; LUTS and SUNDLER, 1989 ; LARCOIX et al., 1990) . There is little doubt that both VIP and NPY have certain effects on the secretory activity of the nasal gland in the guinea-pig. However, little is known about whether VIP and/or NPY acts directly on the epithelial cells or not. In the nasal gland, the presence of muscarinic ACNE receptors has been demonstrated by an autoradiographic method (KLAASSEN et al., 1984 (KLAASSEN et al., , 1988 ISHIBE et al., 1985; KLAASSEN and KUI-JPERS, 1986 ; VAN MEGEN et al., 1988) ; however, specific binding receptors for VIP or NPY have not yet been shown. Some previous studies performed to examine physiological functions of VIP in epithelial tissue suggested the localization of VIP-receptors in the epithelial cells of the submandibular gland (LUND -BERG et al., 1981) , the tracheal gland (PEATFIELD et al., 1983) or the tracheal mucosa (NATHANSON et al., 1983) . A similar direct effect of VIP via a certain VIP-receptor on the epithelial cells may be possible in the nasal gland of the guinea-pig. On the other hand, we have very little information concerning the peptidergic influences of NPY on epithelial cells. As described before, NPY-immunoreactive nerve fibers were observed less frequently than VIP-immunoreactive ones in the acinus and the intercalated duct, and furthermore seemed to be absent in the striated duct where the myoepithelial cells were rarely found. This may mean that NPY participates especially in the myoepithelial activity of the guineapig nasal gland.
The myoepithelial cell is believed to induce glandular secretion by its contraction in various exocrine glands. There is physiological evidence indicating a cholinergic or adrenergic or dual regulation of the myoepithelial activity in the salivary glands of some mammals (see PINKSTAFF, 1980) . As far as the nasal gland of the guinea-pig is concerned, the myoepithelium seems to be innervated singly by parasympathetic cholinergic nerves. As revealed in the present study, the ACNE-positive and VIP-and NPY-immunoreactive nerve varicosities are located rather close to the myoepithelial cells of the nasal gland. It seems reasonable to suggest that this finding may represent morphological evidence indicating a direct innervation of the myoepithelium. It is further suggested that myoepithelial contraction requires cholinergic regulation combined with peptidergic modulation by VIP or NPY. Altogether, the present morphological evidence suggests that the secretory activities of the nasal gland, i.e., secretion by the acinar epithelial cells, emission of the acinar secretion into the excretory duct and modification of the secretion by the duct epithelial cells are all under intense and delicate neural control produced by the cooperation of ACh, VIP and NPY. For a more precise discussion of the functional role of these substances in the nasal gland, further studies on the localization of specific receptors in the epithelium or the myoepithelium of the gland are required.
